Objectives: (1) To determine the optimum settings for electrical resistance welding of various configurations of beta titanium wires. (2) To establish clinical guidelines for an orthodontist to produce high quality resistance spot-welded joints of a beta titanium wires.
INTRODUCTION
The orthodontist is confronted by an array of new orthodontic wire materials that when applied to appliance design can vastly increase the flexibility and versatility of therapy. The development of beta titanium alloy wires has significantly increased the clinical understanding of the implications of these new wires respect to mechanotherapy.
The beta titanium alloy offers both resilience and formability, consequently, it is possible to perform greater tooth movements in the second order direction while maintaining the form of the arch and to fabricate all types of loops.
The development, mechanical properties and clinical applications of beta titanium wires have been reported by Burstone, 1 Goldberg 2 and Kusy 3 indicated that beta titanium has a unique balance of mechanical properties and hence, has a great potential in permitting the design of appliances, which will deliver improved force systems with simplified configurations.
The welding of beta titanium wire auxiliaries of the same or different cross section to archwire can further increase appliance versatility. In orthodontics, there has been little attention given to the subject of joint welding in general and TMA wires in particular.
Hence, this study was taken up to establish clinical guidelines for the orthodontist to produce high quality resistance spot-welded joints of TMA.
AIMS AND OBJECTIVES
• To determine the optimum settings for electrical resistance welding of various configurations of' beta titanium wires • To establish clinical guidelines for an orthodontist to produce high quality resistance spot-welded joints of beta titanium wires.
MATERIALS AND METHODS

Materials
The following materials were used for the study: A 
Methods
The present study was conducted at the Department of Orthodontics and Department of Testing, Indian Space Research Organisation (ISRO), Bengaluru, Karnataka, India. The beta titanium (TMA) wires for this study were procured from ORMCO company.
The TMA wires procured were 0.018 inch, 0.032 inch round wires and 0.016 × 0.025 inch and 0.019 × 0.025 inch rectangular wires. The samples of this study constituted of TMA wires welded in a T-joint configuration (Fig. 5 ). Four samples of each size of wire were made for each level of power setting of the welder: Level I, level II, level III and level IV. The wires were cut into segments of 4 inches each, one for vertical and other for horizontal segment, and the weld point was the midpoint of the horizontal wire.
Through the process of welding, the electrode tip configuration and size wire kept constant as they could significantly affèct contact resistance. To ensure flatness and uniformity of contact pressure, the electrodes were ground flat to flat by drawing emery paper through the electrodes while under constant pressure before each group of specimens were welded.
The welded specimens were tested to failure in a torsional loading mode thought to be representative of the T-joint failure observed clinically. The vertical component 01, the I-joint (corresponding to the z direction) was loaded in torsion with a torque gauge. The horizontal wire was centered and held in position in the fixture.
A torque gauge with a range of 0 to 30 (×) gm/mm was used, angular deflections were read directly from a 360 protractor built into the equipment (see Fig. 3 ). The angular deflections at the beginning and the end of each cycle were recorded.
The moment was reduced to zero after each increment of loading. The torquing was done manually; the data logger recorded the level of torque taken by the welded wire before the joint fractured and the torque sensor the reading of the amount of torque taken by the each sample at settings of welding.
RESULTS
All five-wire size combinations in the present study exhibited similar behavior.
Failure occurred adjacent to the weld except for those cases in which weld joint delaminated. The ultimate moments supported by the joints were comparable to the ultimate torsional moment supported by unwelded wire samples.
In addition to the ultimate moment, it is also clinically important for a weld joint to be ductile. Ultimate momentum and the maximum angular deflection at failure site are shown as a function of the weld voltage setting for the 0.018", 0.032", 0.016" × 0.022", 0.017" × 0.025", 0.019" × 0.025" and 0.018" and 0.017 × 0.025 inch TMA wires ( Table 1) .
The least torque value for 0.016 × 0.022 inch, 0.017 × 0.025 inch, 0.019 × 0.025 inch was observed in level I and maximum torque was seen in level IV (Table 1) (Fig. 6) .
In general, voltage settings below optimal resulted in low strengths and separation of the wires. Voltages higher than optimal gave good strength values but low ductility with failure occurring in the wire adjacent to the joint. At even higher voltages, the wires underwent complete burnout. Optimal welding of the beta titanium wires resulted in good ductility and strength of at least 90% of the unwelded wire.
The Dentaurum (Assistant 2000) welder performed satisfactorily in capacitive discharge mode for all wire combinations, but appeared to be approaching the upper limit for the 0.017 × 0.025 and 0.018, 0.017 × 0.025 inch combination. Hence, for this combination, actual optimal weld voltage may be beyond the level I setting on the welder.
However, there was a general increase in the optimal voltage setting with initial contact area. Other weld parameters, such as set down, initial electrode separation and machine voltage variation, could influence the optimal settings. 5 have shown that welding of TMA, if properly performed, will not produce significant growth in grain size or reduction in springback or strength. In fact, the joint might be stronger than a single wire, since two wires are joined together.
In the present study, the test data clearly demonstrate the effect of welding voltage on weld joint quality. When the voltage was too high, premature or brittle failure (an acceptable ultimate torsional moment but poor ductility) tended to occur adjacent to the weld joint. At the optimal settings both the ultimate moment and the maximum angular deflection were at high levels.
At these voltages, the weld joints could sustain high torsional loads yet would not fail in the mouth under any conceivable clinical loading conditions. Below this rather narrow voltage range, most of the specimens filed by delamination and, consequently, were unacceptable from a clinical viewpoint.
This study was conducted using two round wires 0.018 inch, 0.032 inch and three rectangular wires 0.016 × 0.022 inch, 0.017 × 0.025 inch, 0.019 × 0.025 inch and a combination of round and rectangular 0.018 and 0.017 × 0.025 inch and we have found that TMA wires can he directly welded without solder, producing joints that have high springback and strength. So there is a need to discuss the salient features that are required to achieve optimal welding of TMA wires.
The welding procedure in this study was carried out with assistant 2000, a Dentaurum welder, which has the capacity to variably control voltage. In welding two wires, it is necessary to position the wires so that they are constantly held in contact throughout the heating process. It is advantageous to use large electrodes. The electrodes have been turned around so that the broad flat electrodes are used rather than the thin pointed electrodes. This assures that the parts are properly held together before the welding process and during heating.
The concept of 'set down' is important in evaluating the success 01 welds. A 25 to 60% 'set down' is recommended for most applications. In the present study, the amount of set down (the reduction in joint thickness) for optimally welded joints of all types was 12 to 20% of the preweld thickness and correlated directly with welding voltage. It was noted that set down considerably in excess of 25% resulted in brittle failure in that the joint was not able to sustain any significant degree of permanent deformation without fracture. that the basic weld be accomplished with only one pulse and that the pulse be of very short duration. If a weld is not strong enough because of low voltage, a second or third pulse is rarely successful in producing the desired weld. This can be explained by the set down that occurs after the initial pulse. The set down produces a large contact area between the two wires and thereafter, the heat is dissipated so that insufficient heat is available to the parts. If an error is made in welding and the wire twists of T, one should move the weld joint to another part of the wire and then use the proper voltage. If parts are correctly welded, additional pulses may not be harmful.
In this study, for all size of wires orientations, bowing for optimally welded joints did not exceed 3° when measured from the center of the weld joint. This is considered to be acceptable in terms of clinical usage.
The clinical implications of this study are, the TMA can be welded without solder to produce nonforce imparting components, such as tiebacks, stops and hooks for intra-arch or intermaxillary elastics. The small loss in mechanical properties after welding allows active appliances to be welded also. Springs for alignment or retraction can be directly welded to an archwire. Only TMA can be welded to TMA; it is not possible to weld stainless steel to TMA.
Conclusions from this study refer only to the capacitance discharge welds of the Dentaurum (Assistant 2000) welder. Although the principles are applicable to other welders, care should be used in extrapolation because differences may exist in the mode of discharge (capacitance or transformer), electrode pressure and size among different brands of welders.
CONCLUSION
The following conclusions can be drawn from this study: 1. Resistance spot-welding (RSW) of various sizes of TMA wire results in weld joints having strengths and ductilities comparable to those for the unwelded hose material. This greatly extends and validates the use of TMA welded auxiliaries for many clinical applications 2. An optimal weld joint must be evaluated by consideration of both the magnitude of the moment produced and the angular deflection of fracture Greater voltages leading to increased heat may lead to increased wire brittleness; however, springback properties would not be affected, even with the best joints. Therefore, one should be very careful about making bends immediately adjacent to welded joints. A properly welded joint should look relatively clean with a 'set down' between 25% and 60%.
A T-joint is preferable for most orthodontic applications because it has the smallest contact areas. In this study, TMA wires were welded in a T-joint configuration. It is important JAYPEE 3. The resistance spot welding technique for joining TMA wire to TMA wire is a rapid and highly reproducible joining operation that results in sound weldments 4. A good clinical weld is characterized by: a. Little discoloration b. Little weld flash c. A set down (the amount of welded wire merges into the main wire) not greater than 25%.
The clinician can control the quality of the weld by using no more voltage than necessary to produce a good weld, larger voltages may embrittle or weaken the joint. The larger flat tip electrodes are more satisfactory than electrodes with small pointed tips because they hold the wires in a more secure manner before and after the welding operation.
Beta titanium (TMA) wires can be directly welded without solder, producing joints that have high springback and strength. As the only orthodontic wire with this capability, TMA coilers have the potential for many applications during treatment particularly where welding is required for active tooth movement.
Although a wide range of voltages can be successfully used for welding, it is important to understand and apply the basic principles of welding, proper wire positioning, correct voltages, small contact areas and the use of a single short pulse.
